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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] This invention relates to a cooling water circu-
lating apparatus adapted to send out cooling water flow-
ing thereinto to an engine or a radiator by a water pump.

DESCRIPTION OF THE RELATED ART

[0002] The known cooling apparatuses for internal
combustion engines include an apparatus disclosed in
Japanese Patent Laid-Open No. 88582/1997. The tech-
niques included in this apparatus are to reduce the lim-
itation placed on the arrangement of various auxiliary
machines driven via a crankshaft, a belt and a chain, by
driving a cooling water supply pump by a cam shaft, fix
the water pump to a cylinder head so as to join a dis-
charge port of the water pump to an inlet port of a cooling
water passage on a suction side of the cylinder head
and thereby form the suction side cooling water passage
as a water passage on a discharge side of the water
pump, whereby, even when a resistance of the suction
side cooling water passage is large, a negative pressure
on a suction side of the water pump increases to prevent
the occurrence of cavitation therein.
[0003] However, in such a related art apparatus, the
cooling water is circulated by a water pump alone which
is driven by a cam shaft rotated with a rotational frequen-
cy 1/2 times as high as that of the crankshaft, so that,
when the temperature of the cooling water increases
higher than a predetermined level, a required flow rate
of the cooling water cannot be secured unless the ca-
pacity of the water pump is increased. In order to secure
a required flow rate of the cooling water, the cooling wa-
ter discharge performance (head) of the pump has to be
improved, and, in order to increase the pump head, the
dimensions of the water pump have to be increased.
This causes a driving force of the water pump to in-
crease, so that the fuel consumption also increases.

SUMMARY OF THE INVENTION

[0004] Therefore, the technical problem to be solved
by the present invention is how to provide a cooling wa-
ter circulating apparatus capable of securing a required
flow rate of cooling water without increasing the heads
of water pumps.
[0005] To solve the problem, the invention provides a
cooling water circulating apparatus as defined in claim
1. The apparatus is adapted to circulate cooling water
through an engine or a radiator, including a first water
pump which has a first supply port for supplying there-
into cooling water which is to flow through the interior of
an engine, and a first discharge port for discharging
therefrom the supplied cooling water to the engine

again, and which is connected to and rotated with a cam
shaft of the engine, a control mechanism adapted to cut
off a flow of the cooling water, which is directed from a
radiator to the first supply port, when the temperature of
the cooling water is not higher than a predetermined lev-
el, and communicate the radiator and first supply port
with each other when the temperature of the cooling wa-
ter is higher than the predetermined level, and a second
water pump which has a second supply port for supply-
ing thereinto cooling water which is to flow through the
interior of the engine, and a second discharge port for
discharging therefrom the supplied cooling water to the
supply port of the first water pump, and which is electri-
cally rotated in accordance with the temperature of the
cooling water.
[0006] According to the first aspect, when the temper-
ature of the cooling water is not higher than a predeter-
mined level, the first water pump is rotated with the cam
shaft of the engine, and receives the supply of cooling
water from the first supply port and discharge the same
toward the first discharge port. The discharged cooling
water cools the engine on the inner side thereof. When
the temperature of the cooling water becomes higher
than a predetermined level, the radiator and first supply
port are communicated with each other by the control
mechanism, and the cooling water discharged from the
first water pump is supplied to the engine and radiator.
Since the cam shaft is rotated with a rotational frequency
1/2 times as high as that of the crankshaft, it is consid-
ered that, when the cooling water is discharged to the
engine and radiator, a discharge rate of the first water
pump becomes short in some cases. According to the
invention, the second water pump is rotated electrically
in accordance with the temperature of the cooling water.
Therefore, when the driving of the first water pump alone
causes a discharge rate of the cooling water to become
short, the second water pump is rotated to enable the
shortage of the discharge rate to be filled up. Owing to
this operation, a suitable quantity of cooling water can
always be circulated. Since the second water pump is
electrically operated, the rotational frequency thereof
can be controlled, and the flow rate of the cooling water
can also be arbitrarily regulated.
[0007] A case where the second water pump is set so
that it is not rotated when the temperature of the cooling
water is not higher than a predetermined level, and ro-
tated electrically when the temperature of the cooling
water is higher than a predetermined level as described
in the statement of a second aspect of the invention will
be discussed. When the temperature of the cooling wa-
ter becomes higher than a predetermined level, the sec-
ond water pump is driven, and the control mechanism
communicates the radiator and first supply port with
each other. Consequently, the cooling water is supplied
from the second supply port, and discharged from the
second discharge port.
[0008] Since the cooling water is thus circulated at a
required flow rate through both the engine and radiator
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by rotating the electrically driven second water pump, it
becomes possible to secure a required flow rate of the
cooling water without increasing the dimensions of the
first water pump even when the first water pump is driv-
en with the cam shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a system diagram of a mode of embodiment
of the cooling water circulating apparatus according
to the present invention;
Fig. 2 is a sectional view of a first water pump in the
mode of embodiment;
Fig. 3 is a sectional view of a second water pump
in the mode of embodiment; and
Fig. 4 is a side view taken in the direction of an arrow
A in Fig. 3.

DESCRIPTION OF THE PREFERRED EMBODIMENT:

[0010] A mode of embodiment of the present inven-
tion will now be described with reference to the draw-
ings. Figs. 1 to 4 are drawings showing the cooling water
circulating apparatus of a mode of embodiment of the
present invention, wherein Fig. 1 is a system diagram
of a cooling water circulating apparatus 1, Fig. 2 a sec-
tional view of a first water pump, Fig. 3 a sectional view
of a second water pump, and Fig. 4 a characteristic di-
agram of the second water pump.
[0011] The cooling water circulating apparatus 1 is an
apparatus for circulating cooling water through an en-
gine 2 and a radiator 3, and provided with a first water
pump 4 which has a first supply port 5 for supplying cool-
ing water flowing through the engine 2, and a first dis-
charge port 6 for discharging the supplied cooling water
to the engine 2 again, and which is connected to and
rotated with a cam shaft 2A (two-dot chain lines in Fig.
2) of the engine 2, a thermostat 7 as a control mecha-
nism adapted to cut off a flow of the cooling water which
is supplied from the radiator 3 to the first supply port 5
when the temperature of the cooling water is not higher
than a predetermined level, and communicate the radi-
ator 3 and first supply port 5 when the temperature of
the cooling water is higher than a predetermined level,
and a second water pump 8 which has a second supply
port 9 for supplying the cooling water flowing through
the interior of the engine 2, and a second discharge port
10 for discharging the supplied cooling water toward the
first supply port 5 of the first water pump 4, and which
is not rotated when the temperature of the cooling water
is not higher than a predetermined level, and rotated
electrically when the temperature of the cooling water is
higher than a predetermined level, the cooling water be-
ing circulated through the interior of the radiator 3 in ac-
cordance with the temperature of the cooling water.
[0012] The construction of each constituent part will

be described in detail. As shown in Fig. 2, the first water
pump 4 is formed of a driving shaft 11 rotated with the
cam shaft 2A, a rotor 12 mounted on a free end portion
of the driving shaft 11, first supply port 5 for supplying
the cooling water therefrom, and the first discharge port
6 for discharging the supplied cooling water to the en-
gine 2, and this water pump 4 is rotated with the same
rotational frequency as the cam shaft 2A, i.e., with a ro-
tational frequency 1/2 of that of the crankshaft.
[0013] As shown in Fig. 3, the second water pump 8
is a DC brushless motor provided with a metal rotor 15
for sucking and discharging the cooling water, a rotary
shaft 17 which has the rotor 15 mounted fixedly on a
free end portion thereof, and which is rotated with the
rotor 15, a housing 18 fixed to the engine 2, bearings
19, 20 supporting the rotary shaft 17 on the housing 18
so that the rotary shaft 17 can be rotated relatively to
the housing 18, a magnet 16 formed on an outer circum-
ferential surface of the rotary shaft 17, cores 21 ar-
ranged on an inner circumference of the housing 18, and
a plurality of coils 22 wound around each core 21 and
forming a magnetic circuit with the magnet 16. The sec-
ond water pump 8 is formed so that, when an electric
current flows in the coils 22, the rotary shaft 17 is rotated
with the magnet 16 with the rotor 15 also rotated, where-
by the cooling water flowing from the second supply port
9 is discharged from the second discharge port 10. The
rotational frequency of the rotor 15 can be varied arbi-
trarily within the volume of the pump in accordance with
the level of the electric current flowing in the coils 22. In
this mode of embodiment, a CPU (not shown) rotates
the second water pump 8 by controlling the electric cur-
rent, which flows in the coils 22, in accordance with the
temperature of the cooling water.
[0014] The construction of the second water pump 8
will further be described with reference to Fig. 4. As
shown in Fig. 4, the second discharge port 10 is formed
so as to deviate from the center of rotation of the rotor
15, and blades 15a of the rotor 15 so as to extend radi-
ally with respect to the mentioned center of rotation. The
direction of rotation of the rotary shaft 17 is switched by
changing the direction of the electric current flowing in
the coils 22.
[0015] In the cooling water circulating apparatus 1 in
this mode of embodiment, a hot water type heater 23 is
provided between the engine 2 and second supply port
9, and the warmed cooling water is subjected to heat
exchange in the heater 23, a blower (not shown) being
operated to warm the interior of a vehicle. Since the sec-
ond water pump 8 is electrically driven, the rotational
frequency can be controlled with a high accuracy, and
a flow rate of the cooling water sent to the heater 23 is
secured, so that the performance of the heater is im-
proved.
[0016] The thermostat 7 is a wax type thermostat
adapted to switch the circulation and cut off of the cool-
ing water, which is sent from the radiator 3 to the first
water pump 4, from one to the other by utilizing the ex-
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pansion and contraction, which occur in accordance
with the temperature, of thermowax.
[0017] The operation of the cooling water circulating
apparatus 1 will be described. When the engine 2 is
started to cause the driving shaft 11 and the rotor 12 of
the first water pump 4 to be rotated in accordance with
the rotation of the cam shaft 2A, the cooling water is
supplied from the first supply port 5 owing to pumping
actions of the first water pump 4, and the supplied cool-
ing water is discharged toward the first discharge port 6.
[0018] When the temperature of the cooling water
during a cooling operation is lower than a predetermined
level, the cooling water is not circulated in the radiator
3 so as to rapidly warm the engine 2. In this case, the
thermostat 7 is closed to cut off a flow of the cooling
water from the radiator 3 to the first supply port 5. The
second water pump 8 is not rotated. During this time,
the cooling water is discharged from the first discharge
port 6 of the first water pump 4 into the interior of the
engine 2, and flows in the interior of the engine 2 and
then into the supply 9 port of the second water pump 8
via the heater 23. Since the second water pump 8 is not
rotated, the cooling water flows from the second supply
port 9 into the second discharge port 10, and then into
the first supply port 5 of the first water pump 4, and the
cooling water is thereafter discharged from the first dis-
charge port 6 owing to the pumping actions. The cooling
water discharged from the first discharge port 6 flows in
the interior of the engine 2, and then returns to the first
supply port 5 via the thermostat 7, the resultant cooling
water being then circulated in the interior of the engine
2 again. This operation is repeated until the temperature
of the cooling water reaches a predetermined level.
[0019] When the temperature of the cooling water in
the engine 2 in this condition becomes not lower than a
predetermined level, it is necessary to regulate this tem-
perature so as to maintain the temperature of the water
in the engine 2 at a predetermined level. In this case,
the thermostat 7 is opened, and the radiator 3 and first
supply port 5 communicate with each other, so that the
cooling water cooled in the radiator 3 is supplied to the
first water pump 4 with the cooling water circulated
through the engine 2. The cooling water flowing through
the interior of the engine 2 and warmed is sent to the
heater 23, and then passes through the second supply
port 9 of the second water pump 8, the resultant cooling
water being discharged from the second discharge port
10 thereof. The cooling water is then supplied to the first
supply port 5 of the first water pump 4, and to the interior
of the engine 2 again. Therefore, the cooling water
cooled by the radiator 3 and heater 23 is supplied to the
engine 2, and the temperature of the water in the engine
2 is thereby maintained at a suitable level. Since the sec-
ond water pump 8 is driven when the temperature of the
cooling water attains a level not lower than a predeter-
mined level, the pump head of the cooling water circu-
lating apparatus 1 as a whole becomes equal to the sum
of the pump head of the first water pump 4 and that of

the second water pump 8, and a flow rate of the cooling
water to the engine 2 and radiator 3 is secured.
[0020] According to this mode of embodiment, using
the electrically driven second water pump 8 makes it
possible to secure a flow rate of the cooling water circu-
lated through the radiator 3 and engine 2, without in-
creasing the head of the first water pump 4 rotated with
the cam shaft 2A. This enables the fuel consumption to
be improved.
[0021] Moreover, in this mode of embodiment, the
second discharge port 10 of the second water pump 8
is formed so as to deviate from the center of rotation of
the rotor 15, and the blades 15a of the rotor 15 so as to
extend radially with respect to the same center of rota-
tion. Accordingly, it becomes possible to control the flow
of the cooling water by rotating the rotor 15 both forward
and backward. Owing to this construction, the cooling
water flows, from the second water pump 8 to the first
water pump 4 without passing through the thermostat 7
when the cooling water flowing out from the engine 2 is
sent to the first water pump 4. Therefore, the thermostat
7 can be formed so that the cooling water flowing out
from the engine 2 is not supplied thereto. This enables
one of the valves of the thermostat 7 to be omitted, and
the resistance of the cooling water exerted on the ther-
mostat 7 to be lowered, whereby the durability of the
thermostat 7 is improved.
[0022] A mode of embodiment of the present inven-
tion has been described above. The cooling water cir-
culating apparatus according to the invention is not in-
tended to be limited to the above-described mode of em-
bodiment. Any mode of embodiment is within the scope
of the present invention as long as it is in agreement
with the gist of the invention.
[0023] According to the first aspect, when the cooling
water is circulated through both the engine and radiator,
the electrically driven second water pump is rotated,
whereby the circulation of the cooling water is carried
out at a required flow rate. Therefore, when the driving
of the first water pump alone causes a discharge rate of
the cooling water to become short, the second water
pump is rotated to enable the shortage of the discharge
rate to be filled up. Owing to this operation, a suitable
quantity of cooling water can always be circulated. Since
the second water pump is electrically driven, the rota-
tional frequency can be controlled, and the flow rate of
the cooling water can also be arbitrarily regulated.
[0024] According to a preferable feature, the cooling
water is circulated at a required flow rate through both
the engine and radiator by rotating the electrically driven
second water pump. Therefore, it becomes possible to
secure a required flow rate of the cooling water without
increasing the dimensions of the first water pump even
when the first water pump is driven with the cam shaft,
this invention thus proving to be preferable.
[0025] The present invention provides a cooling water
circulating apparatus capable of securing a required
flow rate of cooling water without increasing the heads
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of water pumps, the apparatus including a first water
pump which has a first supply port for supplying there-
into cooling water which is to flow through the interior of
an engine, and a first discharge port for discharging
therefrom the supplied cooling water to the engine
again, and which is connected to and rotated with a cam
shaft of the engine, a control mechanism adapted to cut
off a flow of the cooling water, which is directed from a
radiator to the first supply port, when the temperature of
the cooling water is not higher than a predetermined lev-
el, and communicate the radiator and first supply port
with each other when the temperature of the cooling wa-
ter is higher than the predetermined level, and a second
water pump which has a second supply port for supply-
ing thereinto cooling water which is to flow through the
interior of the engine, and a second discharge port for
discharging therefrom the supplied cooling water to the
supply port of the first water pump, and which is not ro-
tated when the temperature of the cooling water is not
higher than a predetermined level, and electrically rotat-
ed when the temperature of the cooling water is higher
than the predetermined level.

Claims

1. A cooling water circulating apparatus adapted to cir-
culate cooling water through an engine (2) or a ra-
diator (3) comprising:

a first water pump (4) which has a first supply
port for supplying thereinto cooling water which
is to flow through the interior of an engine, and
a first discharge port connected for discharging
therefrom the supplied cooling water to the en-
gine (2) again, and which is connected to and
rotated with a cam shaft of the engine (2),
a control mechanism (7) adapted to cut off a
flow of the cooling water, which is directed from
a radiator (3) to the first supply port, when the
temperature of the cooling water is not higher
than a predetermined level, and communicate
the radiator (3) and first supply port with each
other when the temperature of the cooling wa-
ter is higher than the predetermined level, and
a second water pump (8) which has a second
supply port for supplying thereinto cooling wa-
ter which is to flow through the interior of the
engine, and a second discharge port connected
for discharging therefrom the supplied cooling
water to the supply port of the first water pump
(4), and which second water pump is electrical-
ly rotated in accordance with the temperature
of the cooling water.

2. A cooling water circulating apparatus according to
Claim 1, wherein the second water pump is not ro-
tated when the temperature of the cooling water is

not higher than the predetermined level, and elec-
trically rotated when the temperature of the cooling
water is higher than the predetermined level.

3. A cooling water circulating apparatus according to
Claim 1, wherein a heater is provided between the
engine and the second supply port of the second
water pump.

4. A cooling water circulating apparatus according to
Claim 1, wherein blades of a rotor of the second wa-
ter pump are formed so as to extend radially with
respect to the center of rotation of the rotor, the di-
rection of rotation of the rotor being able to be
switched from a forward direction to a backward di-
rection, and vice versa.

5. A cooling water circulating apparatus according to
Claim 4, wherein the second discharge port of the
second water pump is formed in the portion thereof
which deviates from the center of rotation of the ro-
tor thereof.

Patentansprüche

1. Kühlwasserzirkulationsgerät zum Zirkulieren von
Kühlwasser durch einen Motor (2) und einen Kühler
(3), umfassend
eine erste Wasserpumpe (4) mit einer ersten Zu-
führöffnung zum Zuführen von Kühlwasser, das
durch das Innere eines Motors strömt, und eine er-
ste Ausgabeöffnung, die zur Ausgabe des von ihr
ausgegebenen, zugeführten Kühlwassers wieder
mit dem Motor verbunden ist, und die mit einer Nok-
kenwelle des Motors (2) verbunden ist und sich mit
ihr dreht,
eine Steuereinrichtung (7) zum Unterbrechen einer
Kühlwasserströmung, die von einem Kühler (3) zur
ersten Zuführöffnung gerichtet ist, wenn die Tempe-
ratur des Kühlwassers nicht höher als ein bestimm-
tes Niveau ist, und die den Kühler (3) und die erste
Zuführöffnung miteinander verbindet, wenn die
Temperatur des Kühlwassers höher als ein be-
stimmtes Niveau ist, und
eine zweite Wasserpumpe (8) mit einer zweiten Zu-
führöffnung zum Zuführen von Kühlwasser, das
durch das Innere des Motors strömt, und eine zwei-
te Ausgabeöffnung, die zur Ausgabe des von ihr
ausgegebenen, zugeführten Kühlwassers mit der
Zuführöffnung der ersten Wasserpumpe (4) verbun-
den ist, und wobei die zweite Wasserpumpe elek-
trisch entsprechend der Temperatur des Kühlwas-
sers angetrieben wird.

2. Kühlwasserzirkulationsgerät nach Anspruch 1, wo-
bei die zweite Wasserpumpe nicht angetrieben
wird, wenn die Temperatur des Kühlwassers nicht
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höher als das bestimmte Niveau ist, und elektrisch
angetrieben wird, wenn die Temperatur des Kühl-
wassers höher als das bestimmte Niveau ist.

3. Kühlwasserzirkulationsgerät nach Anspruch 1, wo-
bei eine Heizung zwischen dem Motor und der zwei-
ten Zuführöffnung und der zweiten Wasserpumpe
vorgesehen ist.

4. Kühlwasserzirkulationsgerät nach Anspruch 1, wo-
bei Flügel des Rotors der zweiten Wasserpumpe so
ausgebildet sind, dass sie sich radial in Bezug auf
den Drehmittelpunkt des Rotors erstrecken, wobei
die Drehrichtung des Rotors von vorwärts nach
rückwärts und umgekehrt schaltbar ist.

5. Kühlwasserzirkulationsgerät nach Anspruch 4, wo-
bei die zweite Ausgabeöffnung der zweiten Was-
serpumpe in dem Teil der Wasserpumpe ausgebil-
det ist, der von dem Drehmittelpunkt ihres Rotors
abweicht.

Revendications

1. Appareil de circulation d'eau de refroidissement
adapté pour faire circuler l'eau de refroidissement
à travers un moteur (2) ou un radiateur (3)
comprenant :

une première pompe à eau (4) qui comporte un
premier orifice d'alimentation pour alimenter
dans celle-ci l'eau de refroidissement qui doit
circuler à travers l'intérieur du moteur, et d'un
premier orifice de décharge connecté pour dé-
charger de celle-ci l'eau de refroidissement dé-
livrée au moteur (2) de nouveau, et qui est con-
nectée et mise en rotation avec un arbre à ca-
mes du moteur (2),
un mécanisme de commande (7) adapté pour
couper un écoulement de l'eau de refroidisse-
ment, qui est dirigé depuis un radiateur (3) vers
le premier orifice d'alimentation, lorsque la tem-
pérature de l'eau de refroidissement n'est pas
plus élevée qu'un niveau prédéterminé, et pour
faire communiquer le radiateur (3) et
le premier orifice d'alimentation l'un avec l'autre
lorsque la température de l'eau de refroidisse-
ment est plus élevée que le niveau prédétermi-
né, et
une seconde pompe à eau (8) qui comporte un
second orifice d'alimentation pour délivrer dans
celle-ci l'eau de refroidissement qui doit s'écou-
ler à travers l'intérieure du moteur, et un second
orifice de décharge connecté pour décharger
de celle-ci l'eau de refroidissement délivrée à
l'orifice d'alimentation de la première pompe à
eau (4) et qui est une seconde pompe à eau de

mise en rotation électriquement en conformité
avec la température de l'eau de refroidisse-
ment.

2. Appareil de circulation de l'eau de refroidissement
selon la revendication 1, dans lequel la seconde
pompe à eau n'est pas mise en rotation lorsque la
température de l'eau de refroidissement n'est pas
plus élevée que le niveau prédéterminé, et mise en
rotation électriquement lorsque la température de
l'eau de refroidissement est plus élevée que le ni-
veau prédéterminé.

3. Appareil de circulation de l'eau de refroidissement
selon la revendication 1, dans lequel un dispositif
de chauffage est disposé entre le moteur et le se-
cond orifice d'alimentation de la seconde pompe à
eau.

4. Appareil de circulation de l'eau de refroidissement
selon la revendication 1, dans lequel les pales d'un
rotor de la seconde pompe à eau sont formées de
façon à s'étendre radialement par rapport au centre
de rotation du rotor, la direction de rotation du rotor
étant apte à être commuter d'une direction avant à
une direction arrière, et vice versa. 5. Appareil de
circulation de l'eau de refroidissement selon la re-
vendication 4, dans lequel le second orifice de dé-
charge de la seconde pompe à eau est formé dans
cette partie qui dévie du centre de rotation de son
rotor.
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